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S INCE Hopkinson in 1892 first suggested the idea
that the distribution of a customer's load
throughout the day should have some bearing

upon the amount which that customer should pay to
the Central Station for his power, the subject of
demand and load-factor measurement in its various
aspects has' been many times discussed. In the
determinination of watts, amperes or any sim-
ilar electrical quantity we have definite units
upon which to base our measurements, and there
is little room for controversy. But, when the
quantity "demand", being a more or less mathe-
matical concept, embodying the combination of elec-
trical units with time in a rather indefinite way, comes
under consideration, very divergent views as to its
nature, measurement and true significance may be
and have been expressed.
The object of the present paper is not to introduce

any radically new ideas, nor is it to advocate any par-
ticular policy as a panacea for all difficulties which beset
the rate maker in his work. It is rather to give a
bird's-eye view of the situation as it exists today;
and, in an endeavor to reconcile some of the different
opinions on the subject to show an actual comparison
of the performances of a number of demand-measuring
devices. And from this comparison have been deduced
some interesting facts which would seem to have an
important bearing upon the present day status of in-
dustrial load measurement.

For the purpose of a systematic study of the meas-
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urement of electrical demands the subject may be
divided into three natural sections as follows:

I. The electrical quantity upon which the meas-
urement is performed.

II. The method by which the measurement is ac-
complished.

III. The results obtained by the several methods
upon a variety of types of loads.
Although these aspects- of the subject are closely

related, they will be considered as independently as
possible, one of another.

I. THE QUANTITY MEASURED
In the establishment of a scale of charges for elec-

trical energy the rate-maker at once recognizes the
fact that he has the choice of anumber of electrical quan-
tities upon which to base his calculations. These
quantities are affected in various ways by the nature
and magnitude of the load under consideiation. If
the value received by a consumer from a certain amount
of electricity were in direct proportion to the expense
incurred in placing that electricity at his disposal,
the problem of establishing charges for electrieal power
would be immensely simplified. Unfortunately, how-
ever, such is not the case; and the problem becomes
one of finding a middle way between an absolute flat
rate, based only upon the installed capacity of the
load, and a straight energy charge established upon the
readings of a watt-hour meter.

In hydroelectric power plants, where the fuei costs
are nil, and the apparatus may be run at its ultimate
capacity at practically no more outlay than at very
light loads, the limitation of output is the capacity of
the equipment. In fuel-consuming plants, where the
combustion of coal or of oil is the source of energy, the
cost of fuel, (the only item of cost whose value bears
any direct ratio to the energy output), is seldom over
half the annual expense of the undertaking, the re-
maining charges being practically dependent upon the
capacity of the plant. In either case, therefore, the
relationship between the watt-hours supplied and the
cost of operation is a very indefinite one. The main
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object to be attained is that of keeping up the load
factor; and the logical way to produce this result is to
encourage each customer to do his share. It has of
course, been demonstrated that cases may exist where
it is desirable to have on the system a customer with a
low load factor, who, by placing his peaks at the dis-
cretion of the Central Station, may serve to fill up the
valleys in the load curve caused by another customer
who cannot so well control his demands; but practically
all such cases are of a particular nature; and as such,
need not be considered under the general head. The
most natural way to encourage a high load factor is by
the production of a direct reaction upon the customer's
pocketbook, and hence the justification of the use of
demand in the establishment of rates.
The "capacity of the equipment" referred to in the

former paragraph is a term which in itself might fur-
nish material for much discussion, and its very un-
certainty adds much to the intricacies of the problem
of demand measurement. To the mechanical engi-
neer such a term would present little difficulty, as it
would merely signify a power value beyond which the
weakest link in the system would fail. But to the
electrical engineer the matter of heating of equipment
is usually fully as important as any purely mechan-
ical feature; and this heating is not in direct propor-
tion to the amount of energy delivered to the con-
sumers.
The temperature rise of a piece of apparatus is gov-

erned by the relation of the energy losses therein to the
facilities for dissipating the heat generated, and to the
time allowed for the heat to distribute itself away from
its source. All of these factors are subject to great va-
riation. If then, we wish to base our charge upon the
capacity of the plant or investment necessary to provide
power for the customer in question, we must pay some
consideration to the temperature rise of our equipment
due to his load. This means that, to obtain a fair
basis we should endeavor to determine the energy loss
produced in our equipment by the load under consid-
eration and to incorporate this value in his power bills.
The direct measurement of loss, while possible on a
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single unit by use of a differential wattmeter, or by
other means, is not practicable where the one bus
supplies a number of independent loads. It is desir-
able, therefore to install upon each circuit that type of
measuringinstrument whose indications bear the closest
relationship to the enrgy losses in the supply system.
Hence the question,"What electrical quantity shall
we measure?"
As possible answers to this question, consideration

is given to the follwing quantities:
(a) Watts (E I Cos 4)
The majority of the present day demand meters op-

erate as wattmeters and give the maximum demand
of the load in watts consumed. This method has the
advantage that it is universally applicable to all classes
of loads,-direct and alternating, single-phase and poly-
phase, balanced and unbalanced. This value while rep-
resenting the demands made upon the mechanical por-
tions of the system, is not of necessity proportional to
the heating effects.

(b) Volt-Amperes (E I)
Since for a given energy load, the heating of equip-

ment is manifestly greater at low power factors than
at high, a consideration of volt-amperes without regard
to the actual energy supplied will have a tendency to
encourage operation at high power factor, and thus re-
duce energy losses. This method is already used to a
considerable extent by the employment of a watt-
demand meter whose readings are coupled with those
of a power factor meter at the time of the maximum
demand. This scheme, however, or the use of a re-
active-volt-ampere-meter in conjunction with a watt-
demand meter involves the use of two instruments,
one at least, of the curve-drawing variety; and is,
therefor, suitable only for comparatively large loads
from which the revenue would be sufficient to justify
the expense of the equipment.
The volt-ampere meter has not yet been developed

in a form suitable for direct determination of maximum
demand, and does not at this time appear capable of
such development, at a price to compete with the watt-
demand meter on ordinary commercial measurements.
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(c) Amperes (I)
The earliest types of demand indicators were depend-

ent for their indications upon current alone. And,
since it is the current which is responsible for the heat-
ing of conductors, there would seem to be justification
for their use. On polyphase circuits, however, they
are likely to introduce confusion and uncertainty.

Fia. 1-TEmST oN TRANsmissioN LossEs

(d) Amperes Squared (l2)
As the heating of a conductor is directly proportional

to the square of the current flowing, it would seem that
an instrument measuring demand upon this basis would
find a certain sphere of usefulness. Such a meter
would be identical in its principles with an ampere-
demand meter, but would have an inherently uniform
scale. Its construction, to operate upon either athermal
or an electro-mechanical principle should be quite
practicable. It would, however, on unbalanced loads,
be subject to the same limitations as the ampere-
demand meter.

(e) Actual Energy Losses (K Em + R II)
As stated above, while it is possible to measure the

actual energy losses in a simple system, where but
one load is fed from the portion of the plant under
consideration; it is not practicable, when several
loads are fed from one source, to apportion the re-
sponsibility for the energy losses without the most
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intricate mathematical operations and complicated
metering equipment. The accurate measurement of
energy losses under ordinary working conditions may
be looked upon as a matter of purely academic interest
and here laid aside in favor of some more practical
if less precise method.
As a matter of interest, a number of tests were

made upon a load fed through a series of circuits
forming an artificial transmission system. The ar-
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FIG. 2-Loss MEASUREMENTS ON UNITY POWER-FACT)R LOAD

rangement, as shown in Fig. 1, consisted- of a direct-
current motor driving a small alternator whose output
was stepped up to the line, and down again to the
load. Complete measuring equipment was installed
at several points along the system,.and a differential
wattmeter connected in so as to totalize the losses..
One set of curves was made with non-inductive load-
ing, and another with considerable reactance in the
circuit to produce a low power factor.
The values obtained in these tests are shown in
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Figs. 2 and 3 where the various quantities are ex-
pressed as curves on a base of watts input to the
system. The curve of total loss in the system mani-
festly represents only the difference between the total
input and the total output, and the same, of course,
holds good for any portion of the system which it
is desired to investigate. The total losses of the
system, including those of the motor-generator set,
the transformers and the line, are in this case taken,
as being representative of the greatest variety and
magnitude of energy losses, and therefore approaching
most closely the average power system.
A glance at the curve sheets suffices to show that,

whereas the watt and volt-ampere curves bear but
little resemblance to that of the energy loss; a strong
similarity exists between the loss curve and the curve
of amperes squared. It is a simple matter to develop
an expression connecting the two quantities, which,
from the values of amperes squared will enable us to
construct the curve of losses.' This, while quite
applicable to those portions of the system which supply
only one customer, is subject to the same handicap
as other methods of total energy loss determination,
where several consumers are fed from the one bus.

Summary-Part I.
1. A fair and equitable charge for electrical energy

cannot be made on a basis of energy consumption
alone. Some consideration must be made of the cus-
tomers' demand upon the capacity of the plant.

2. In the determination of demand, cognizance
should be taken of the heat produced in the equipment
by the load under consideration, as well as of the me-
chanical limitations of the plant.

3. While the mechanical limitations of the plant
bear a direct relationship to the energy output, the
heating limitations are in direct proportion to the
energy losses in the electrical equipment.

4. Energy losses cannot generally be measured, and
are usually very difficult to estimate accurately.

1. See Appendix No. 1.
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5. Energy loss may be expressed as the sum of a
function of the voltage and a function of the current;
and considering the complicated nature of the expres-
sion necessary to give a precise representation of this
value, the voltage may usually be considered as con-
stant, and the loss said, with little sacrifice of accuracy,
to vary as the square of the current,

6. An exact apportionment of the I2R losses among
several loads fed from one system is made difficult

__ _OV/ eoc-=a Wi7

400

FIG. 3-Loss MEASUREMENTS ON LOW POWER-FACTOR LOAD

by the fact that, while the total loss varies as the square
of the total current, the ratio of the losses due to the
respective currents is an indefinite quantity, depending
upon a number of variables whose values it is not
practicable to obtain.

7. Since the true basis for demand measurement
is an exceedingly evasive quantity, not capable of
determination under practical working conditions,
it is necessary that some compromise be made, and
the nature of this compromise must be subject to
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local conditions and to personal opinions on the eco-
nomic questions concerned.

8. Tests would seem to indicate that, though volt-
amperes cannot be said to be an exact representation
of the quantity upon which demand would be based,
they furnish us with a definite quantity whose value
approaches nearest to the desired approximation.

II. THE METHOD OF MEASUREMENT
In the present state of the art, there are recognized

several methods of determining demand: These include
measurements from the charts of graphic recording
instruments, and readings obtained from specially de-
signed demand meters. While from an analysis of
the graphic meter chart it should be theoretically
possible to determine the average power for any period
and to select the greatest of these averages as the max-
imum demand, any person who has tried to do this
with the chart of a load having any considerable degree
of variation realizes that a positive determination of
the true average over a chosen period is seldom prac-
ticable.
The only workable method of measuring maximum

demand from graphic meter charts is by selecting
that portion of the curve during which the indication
remains at its highest value for the duration of the
required time period. This is known as the "Sus-
tained Peak." While the use of this quantity, in that it
cannot exceed the true maximum integrated demand,
might well meet with the customers' approval, it may
be very unfair to the Central Station, in that the value
obtained cannot be higher than the minimum point of
any depression which may occur during the period
of maximum demand. Moreover, the depth of any
instantaneous minima of the load curve as drawn by
the graphic instrument will depend greatly upon the
amount by which the meter movement is damped.
In Fig. 4 is shown a reproduction of charts taken
simultaneously on the one load, by curve-drawing
meters of different types. One of these instruments
was of the well-known relay type; while the other,
operating upon the induction principle, had almost
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critical damping. From these charts it will be seen
that, by a slight difference in the operating charac-
teristics of the recording meters, the load is shown,
not only as having sustained peaks of differing values,
but as having its peaks at different times of the day.
Thus, on a fluctuating load, the values of maximum
demand, as determined from the sustained peak are
of little significance.

Since the ordinary curve-drawing meter does not
justify its use for the determination of demand, it

FIG. 4--SIMULTANEOUS CHARTs FRom DIFFERENT TYPEs
OF CURvE,-DRAWING METERS SHOWING SUSTAINED PEAKS

becomes necessary to investigate the possibilities of
the various types of demand meters which, from time
to time, have been developed; and to examine their
principles of operation.
Among the numerous types of demand instruments

now known to engineers there are recognized two
groups, which are classified according to the principle
of operation rather than the quantity measured. These
classes are as follows:

1. Those from which an integrated value of the
load is obtained.

2. Devices which are time-lagged and cannot, in
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the ordinary sense of the word, be said to give an
integrated value.

Integrated Demand Instruments. The quantity de-
termined by this class is usually the ratio of the total
integrated value of the load consumed in the time
interval to the time of the interval. This class natu-
rally falls into five subdivisions of which, as we proceed,
I shall endeavor to briefly describe one or more types
to be found in each.

(a) Curve-drawing meters include all meters which
give a continuous line record or chart of the quantity
measured. From the charts so obtained it is possible by
measurement or by integration to gain very complete
information as to the load, its peaks, its total value and
its demand over any desired period. But as shown
in a previous paragraph, the systematic use of such
instruments for the accurate measurement of demand
is seldom practicable.

(b) Instruments which graphically record the
demand for each successive time interval as fixed by
a clock or other timing device, time also being recorded.
The demand in each clock interval, and therefore the
maximum demand, can be obtained from the record.
This type and those in the two following classes oper-
ate upon whatisknownasthe "Merz" principle, and are
subject to the disadvantage that, the time periods
being selected by a clock, no cognizance is taken of
load conditions immediately previous or subsequent
to each individual demand. The clock being unable
to select the period of maximum power, the max-
imum demand as obtained from such an instrument
is only the greatest of those demands which were meas-
ured by the individual meter in question. Two similar
meters installed upon the same load, unless the trip-
ping mechanisms operate in synchronism, need not
indicate the same value. As examples of meters in
this class may be named the General Electric type G
meter, the Westinghouse type R A and the Piek or
the N. E. I. C. meter.
The General Electric type G meter has essentially

two parts, a registering element and a timing element,
both of which are mounted within the same case.
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In addition to the device proper, a complete outfit
includes a contact device consisting of cam and con-
tact brushes for mounting in the register of the watt-
hour meter with which the demand meter is to be used.
The registering element consists of a marking stylus,
the electromagnet, ratchet and pawl mechanism, and
gearing to transmit motion from the armature of the
electromagnet to the stylus. The timing element con-
sists of an eight day clock which drives the chart,
and, at the end of each time interval, resets the stylus
to its zero position. The charts are circular and arran-
ged to cover a period of one week. They are made
of a special coated paper similar to that used for steam
engine indicator cards; and the record is made by a
steel stylus.
The Westinghouse type R. A. meter combines the de-

mand mechanism and the integrating mechanism in
one case and the connection between the two is me-
chanical. The record paper is in the form of a strip
and is of sufficient length to last for thirty-six days.
The chart does not travel continuously but is advanced
a short distance just before the pen is released and
reset. Thus each demand indication is given a
square top that makes it distinctly readable.
The Piek demand meter is probably the first graphic

demand meter to make its appearance in this country.
It was introduced about 1910. The measurement of
energy is accomplished by a Westinghouse type C
watt-hour meter bearing the ordinary integrating dial.
Geared to, and operated by the meter is a parallel
motion carrying a pen or stylus which travels in a
straight line across the scale. The position of the
pen is at all times recorded upon a paper chart driven
forward by a self-winding clock. This clock serves
also to drive a cam which, operating an electric tripping
device, periodically releases the pen, and resets the
demand mechanism to zero. These meters are built
for periods ranging from one minute upwards.

(c) Instruments which, at the expiration of each
time period, make upon a tape or chart, a record
of the reading of an integrating meter. These
meters are very similar to the foregoing class,
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except that whereas in the former, the record is graphic,
in this case it is in figures. The "Printometer," now
known as the General Electric type P demand meter
is the best known example. The instrument contains
a set of cyclometer type-wheels which are electrically
interlocked with the register of a watt-hour meter.
They are moved forward at a rate representative of
the flow of power through the meter; and will, there-
fore, at any instant give an indication which is equiv-
alent to the reading of the dial. Through the agency
of a rubber platen and a copying ribbon, this reading
is printed on a paper tape. The outfit is not self-
contained, the demand indicator being separate from
the clock and the meter, and requiring, like the type
G, a contact-making device to be fitted to the register
of the meter.

(d) Instruments which indicate, but do not record
the maximum demand, the time intervals being fixed
by a clock or other timing device. In meters of this
class, the reading is obtained from a pointer, which
must be manually reset to zero, and which gives only
the maximum demand since the last previous resetting.
As examples of this class may be named the General
Electric type M (formerly the Maxicator) and the
Siemens demand meter.

In its general principles the type M is similar to
the type G. As the stylus is replaced by a pointer,
however, it is not automatically returned to zero. The
mechanism which forces the pointer across the scale
returns periodically to zero but the pointer remains
at a maximum deflection, and is reset by hand when
the meter reading is taken. Instead of a clock, the
M 4, for alternating currents, has for a timing element
a constant-speed motor similar in its construction and
operation to the moving element of an ordinary watt-
hour meter.
The Siemens meter consists of a demand attachment

mounted in the same case with a watt-hour meter
of the standard type. The clock is a small, electri-
cally-driven unit which, by means of a cam, mechani-
cally actuates the tripping mechanism. A driving
dog periodically geared to the watt-hour mechanism,
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impels a pointer around a graduated scale, and the
position of the pointer indicates the maximum deflection
of the dog, and hence, the maximum demand,
since the pointer was last reset. At the time ofreading
the meter, this pointer is manually reset to zero. The
Siemens meter, being of the purely indicating type,
requires no attention other than the periodic reading
and setting of the demand pointer.
A considerable number of meters using the Merz

principle have been developed by British and European
manufacturers but these differ from the Siemens
meter only in details of construction.

(e) Instruments which make a record on a tape or
chart when a certain fixed and predetermined amount
of energy has been consumed, time also being recorded.
This class differs from class (c) in that the demand is
shown for any time interval, irrespective of when
the interval began and ended. In other words, when
a predetermined amount of energy has been consumed,
a record is made, while in class (c) instruments a
record is made when the predetermined time interval
has elapsed. It differs from class (a) in that the
record is not a continuous one, but periodic. Example:
Ingalls demand recorder. In this meter the general
scheme of operation is similar to that of the General
Electric type P but the functions of the timing and
recording elements are interchanged. A dot is made
on the paper tape after the consumption of each pre-
determined block of energy. The rate of consumption
is obviously greatest where the dots are most numerous.
Numerous attempts have been made to develop a

meter which would overcome the selective character-
istic of instruments of the Merz type; but owing to
their mechanical complications, these cannot be said
to have found sufficient favor to justify their pro-
duction in quantities. A special instrument developed
for this purpose by the writer is described in a later
section of this paper.
Lagged Demand Instruments. A lagged demand

instrument really comprises an indicating meter
in which a retarding device is used, so that a
definite time period must elapse before the full
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value is indicated. The time interval is independent
of clock time.
The value measured by instruments in this general

class differs from the integrated value by an amount
which depends upon the particular type of instrument
and the character of the load curve. With a perfectly
steady load, all instruments of this class would indicate
practically the same value as integrating instruments,
but with a fluctuating load each type may give a
different result. Hence, when referring to demands
measured with instruments of this class, the particular
type of meters employed should be mentioned.
The classmaybe subdivided into the followingtwo types:

(a) Instruments in which the rate of motion of the
indicator over the scale is always proportional to the
load. Example: Westinghouse type R. 0. meter.
The Westinghouse type R. 0. watt-hour demand

meter, which made its appearance six years ago,
embodies some distinctly original features. It com-
bines in the one mechanism a wattmeter and watt-
hour-meter, both actuated by the same electromagnetic
elements. The wattmeter is prevented from register-
ing the instantaneous value of the load by an escape-
ment operated from the watt-hour meter shaft. The
indicating mechanism, therefore, constantly endeavors
to indicate the load; but can only approach that
value (as long as the indication is less than the load)
at a rate proportional to the load. Since the speed
of travel is proportional to the load, it will be seen that
an indication of any sustained load will be attained
at the end of a definite and constant time interval.
The time period is thus established independently of
any clock. Engaged with the indicating mechanism
is a maximum pointer, which, by indicating the greatest
deflection of the wattmeter element, determines the
maximum demand.

Several instruments measuring substantially the
same quantities as the R. 0. meter have recently
been patented, but as they have not made their ap-
pearance on the market it is not necessary to refer
to them here.

(b) Instruments in which the rate of motion of the
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indicator decreases with the time of deflection. Exam-
ples: Wright, Reason, Lincoln type R. H., General
Electric types W and H.
The Wright meter is in principle a differential re-

cording thermometer which measures the heat pro-
duced by an electric current. It consists of two bulbs
of approximately the same size, connected by a U-tube
filled with liquid and provided with a third tube;
in close proximity to which the scale is fixed. The
current is carried through a heating coil wound on
one of the bulbs. The heat produced causes the air
to expand and to depress the column of liquid in one
side of the U-tube, causing it to rise in the other and
overflow into the reading tube. The height to which
it finally rises is an indication of the maximum value
of the current which has passed through the coil.
The Reason demand meter is a similar piece of

apparatus in which the glass tube is tilted by the
measured current flowing in a solenoid, thus allowing
the liquid to flow into the reading tube. Both this
and the preceding type, being unaffected by the voltage
of the circuit are purely ampere-demand meters.
The Lincoln type R. H. meter having already been

described both in theory and in mechanical construc-
tion to the A. T. E. E.,2 it is assumed that a very brief
description will suffice to recall to mind its operating
principles.

This demand indicator operates upon the principle
of heat storage. By an ingenious, though simple
arrangement of transformers and resistors it has been
practicable to obtain a thermal quantity which is
directly proportlional to the energy in the circuit.
An expanding spring, connected to a deflecting pointer
enables an indication to be obtained of the watts
passing through the metering element, and the instru-
ment constitutes a true thermal wattmeter. The
time element is introduced by loading the heaters
with metallic masses, which do not instantly respond
to temperature changes. Upon any change in load,
the temperature of the mass begins to change and
continues to do so until the rate of heat loss balances

2. TRANS. A. I. E. E. Vol. XXXIV, p. 2297



1920] PERRY A. BORDEN 1863

the rate at which energy is being supplied. This
change in temperature takes place according to what
is known as a logarithmic law.
The General Electric type W demand meter is

essentially a polyphase watt-hour meter with both
electrical elements acting upon one disk, and a very
strong damping system acting on the other disk to
produce the necessary time lag. The rotating element
is opposed by a series of springs which permit the
disks to make three complete revolutions while the
pointer makes one revolution. The instrument thus
becomes an indicating wattmeter, very much over
damped. This meter is usually constructed to have
a time period of five minutes.
The type H is a thermal instrument and records the

maximum current. The instrument works on a
differential thermometer principle. Two similar
thermostatic springs are mounted on studs, their
free ends being connected by a cord which passes over
a spindle, the latter carrying an arm which engages
the pointer. The air temperature affects both springs
to the same extent, thus causing no deflection of the
pointer for its variations. In one of thetwo spring-
supporting studs is contained a heating element through
which the main current is passed; thus when current
is being used, the temperature of one spring is raised
above that of the other, causing the shaft to turn, and
so produce a reading. This instrument combines in
its principles the idea of the logarithmic increment of
temperature, with that of the flow of heat along con-
ductors.
The demand meters referred to above include only

types which are now, or have been in actual commercial
use. It is not the intention to convey the impression
that these are all the types that have ever been de-
veloped. To obtain an adequate idea of the multitude
of methods and principles which have been proposed
for the measurement of this elusive quantity, it is
necessary only to refer to the records of the Patent
Offices for the past fifteen years.
A considerable number of "Excess Meters" have

from time to time made their appearance but as these
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instruments cannot properly be considered as coming
under the head of "Demand Meters," they are not
given consideration in this paper.

III. OPERATION ON VARIOus LOADS
Provided the laws governing the mechanical opera-

tion of any type of demand meter are known, it is
possible to predetermine the indications of an instru-

FIG. 5-COMPARATIVE DEMAND METER OUTFIT

ment in which the quantity measured undergoes any
prearranged cycle of variations. In comparisons of
demand indicators this has frequently been done, and
an opportunity thus given to study the inherent char-
acteristics of various types of demand measuring
devices, particularly at the start and the finish of the
duty cycle.
Under actual service conditions, however, the duty

cycle is seldom exactly duplicated; and as a slight
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change in this cycle might produce varying effects
upon the operation of different instruments, the
element of uncertainty so introduced would seem to
justify service tests on actual typical loads as being
the only fair comparison of demand meter types.
With the object of carrying out such tests, the writer

collected a number of typical instruments, all of
which were installed upon an easily portable panel,
so arranged as to be cut in on the metering circuits
of such typical installations as were accessible. This
outfit is shown in Fig. 5, there being three distinct
types of meters and, of each type, four time periods.
The types are as follows: Top row, Lincoln thermal
storage (logarithmic); second row, Siemens (Merz
type, or block-interval); third row, Westinghouse
type R. 0. (mechanically lagged).
The time periods were 10, 20, 30 and 60 minutes

for the two latter types, and 10, 15, 30 and 40 for the
first, it being borne in mind that the time period of a
logarithmic meter is arbitrarily defined as the time
required for the instrument to reach ninety per cent
of its ultimate indication on a steady load. Each
meter was adjusted to its maximum possible accuracy
and frequently checked during the progress of the
tests. The 10-minute and 30-minute logarithmic
meters were supplied by the manufacturer from
standard stock parts; the other periods being made
up from such material as was at hand. These latter,
when tested, were found to have time periods of 15
and 40 minutes respectively; which values were
adopted as satisfactory for the tests.
The block-interval meters being of a pre-war Euro-

pean type, it was not practicable to obtain suitable
timing gearings; and special methods were used.
Instead of cutting new gears for the timing elements,
the clocks were removed, and replaced by small
solenoids operated from a contactor carried by the
master clock in the continuous recording meter.
The mechanically lagged meters were stock instru-

ments, which were fitted with suitable timing gears
specially ordered from the factory.
As it is a well-known fact that none of the types
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of meters commercially used will infallibly measure
demand upon an arithmetical basis; and as it was very
desirable to have some form of instrument which
could be considered as a standard of comparison, it
was found necessary to develop and construct a meter
for this purpose. As this meter embodies some rather
unique features which may be of interest, the following
description of its working principles and operation is
given.
The instrument itself was built of such odds and

Fia. &6-CONTINuous RECORDING DEMAND METER

ends as could be found among the accumulation upon
the shelves of the meter shop; and, as may be readily
seen by reference to the illustration, (Fig. 6), does not
partake of the general appearance of the apparatus
produced by any of the well-known manufacturers of
eleectrical equipment. However, as this device was
constructed solely for experimental purposes, the use
of such a nondescript instrument may be pardoned
on the grounds of the interesting and satisfactory
results obtained.
To give a clear understanding of the operation, a

diagrammatic sketch is shown in Fig. 7. It will be
observed that the working principle is exceedingly
simple. A paper chart is caused to advance at a
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speed proportional to the load on the circuit, while
a pen is propelled across the paper at a constant
velocity in a direction perpendicular to the travel of
the chart. The first motion is accomplished by means
of a watt-hour meter, controlling the speed of the
paper travel; while the second motion is produced
by a clock, winding a cord about a friction-driven drum,
so that the pen makes its transit of the paper in exactly
ten minutes. At the end of each ten-minute period,
a contactor driven by the clock energizes an electrical
device, which forcibly returns the pen to its zero
position, the cord unwinding from its drum, which
slips on the arbor of the clock.
As the return of the pen is practically instantaneous

FIG. 7-DIAGRAM OF CONTINUOUS RECORDING DEMAND METER

it will be seen that the chart takes the nature of a series
of curves one above the other, the corresponding
ordinates on successive curves being separated by
intervals of ten minutes. It will be seen that the slope
of any of the curves at any instant is proportional to
the load at that instant; and the series of curves may
be considered as the translated portions of one con-
tinuous curve whose height from the point of starting
represents the integrated value of the load.

Since measurement along any ordinate represents
the advance of the paper, i. e. the integrated load,
during the time period between two crossings of that
ordinate by the pen, it manifestly represents the
average load or demand during that period. It only
remains, then, for the measurement of maximum ten-
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minute demand, to select the ordinate whose length
between two successive curves is greatest and to ex-
press its length in terms of the units measured by the
integrating meter.

Similarly, demands for twice the normal time period
of the meter may be scaled off by measuring the dis-
tance along the greatest ordinate between alternate
curves; and for greater multiples of the normal period,
by selecting the desired number of curves to be spanned.
Thus, from the one chart it is possible to determine,
not only the true maximum demand for the funda-
mental period, but the demand for any multiple of
that period.

FIG. 8-SIMULTANEOUS CHARTS FROM CONTINUOUS RECORDING
DEMAND METER AND CURVE-DRAWING WATTMETER

Referring to the chart shown in Fig. 7, the maximum
ten-minute demand is indicated by the distance A,
the twenty-minute demand by B/2 and the thirty-
minute by C/3.

Fig. 8 shows a portion of chart from this instrument,
side by side with the simultaneous record of a graphic
wattmeter upon the same load. These curves illus-
trate the operation of the demand meter at the time
of the noon valley on an actual factory load.
The portable panel carrying the demand meters

and a curve-drawing wattmeter, was wired up to the
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metering circuits of several types of load, and careful
records were taken of the indications. These records
were averaged for each meter over several days, and
the averaged readings expressed in the form of curves,
as shown in Figs. 9 to 14.

Since demand is one of the elements entering into
the computation of load factor, and since the values
of demand may vary widely, according to the method

FIG. 9-LOAD OF ELECTRICAL TESTING LABORATORY

of determination, it must necessarily follow that the
value of load factor is subject to the same wide varia-
tions. But the latter quantity, being a ratio, and
independent of the magnitude of the load, may be
used in comparisons with much greater felicity than
may the actual values of demand. The curves,
therefore, are expressed in terms of load factor plotted
against time period, a separate curve for each type
of meter and a separate set of curves for each class of
load. The numbering of the curves is the same as
the vertical arrangement of the meters on the panel,
viz.-1, logarithmic; 2, block-interval; 3, mechani-
cally lagged; 4, true arithmetical average. With
each set of curves is shown a sample of graphic watt-
meter chart from the same load. In the load factor
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FIG. 10-LOAD OF RuBBER MANUFACTURING PLANT

calculations, the average power for the day is taken
as the average over only that time during which the
load curve maintained its peculiar characteristic
nature.

Fig. 9 shows the values obtained with the meters

FiG. 11-LOAD OF SMALL MACHINE SHOP
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installed upon the total load of an electrical testing
laboratory. In this case the load was fairly steady
all day, the peak occurring late in the afternoon, due
to the additional power required by the lighting cir-
cuits.

Fig. 10 illustrates the curves obtained from the
load of a large rubber manufacturing plant. This
was a continuous 24-hour load with a deep noon valley.
The peak, which was only slightly in excess of the
average, usually occurred late in the afternoon.
The curves in Fig. 11 were obtained upon the feeder

FIG. 12-LOAD oF BRAss ROLLING MILL

to a small machine shop, whose load included two
heavy freight elevators. These are responsible for
the severe swings above the days average. This
load is included in the load referred to in Fig. 9.

In Fig. 12, are seen the results obtained with the
load of a heavy brass-rolling mill. Here are found
numerous and heavy swings both above and below the
average for the day.

Fig. 13 shows the curves from a city tramway load;
the section investigated operating from fifteen to
twenty cars. The load curve shows, even during the
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hours of peak load, frequent depressions approaching
the zero value.
The curves illustrated in Fig. 14, are presented more

as a matter of interest than for any real technical
value. They are plotted from values obtained by
averaging the data upon which the other five sets of
curves were based. It will be observed that the
several curves lie in closer proximity to one another
than in any of the individual tests.

It will readily be understood that these investiga-
tions might have been carried out indefinitely upon a

FIG. 13-CITY TRAMWAY LOAD

great variety of typical load curves; but the results
obtained on the five loads which were examined,
indicate that a particular case must be made of almost
every installation, and that attempts to generalize or
to classify would be productive of little valuable
information. Owing to the diverse nature of the
results of the several tests, such facts as could be
considered typical of the load curves or of the meter
types can be presented only in a more or less discon-
nected way; and, as such, appear in the following
summary.
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Summary-Part III.
1. Except upon the most fluctuating loads, the

demand meters of one type, and of differing time periods
gave indications which, generally, within the limits
of accuracy of the individual instruments, were in
close agreement with one another.

2. The load factors as determined from day to day
upon the one connected load, by a meter of one time

/0 20 30 40 60 60
Trn,e Period-(Alm/es)

FIG. 14-AVERAGE OF FIvE TYPICAL LOADS

period, differed more widely than did the values
determined by the several meters of that type, upon
one day's run.

3. The values of load factor as determined from read-
ings of meters of the Merz, (or block-interval) type
were found to be very erratic; and even when averaged
for the one load over several days, very difficult to
reconcile into a smooth curve. A higher value of
load factor (i, e. a lower peak) was usually shown
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for the short periods, coming into approximate agree-
ment with the true value of the arithmetical average,
as determined by the continuous recording meter,
as the time periods became longer. This phenomenon
is doubtless due to the frequency with which these
meters would trip in the middle of a peak, thus missing
the period during which the demand was a maximum.

4. The mechanically lagged type of meters showed,
generally, a comparatively wide range of indications
with differing time periods; but the magnitude of
this range was very subject to the secondary char-
acteristics of the load curve. With loads whose
value frequently swung well below the average for
the day, the long period meters tended to give
low indications, and, consequently, high load
factors; while, with loads having frequent upward
swings, the reverse was usually true. Consequently
these meters would sometimes show indications below
the average for the day; and in several cases, on
widely fluctuating loads, the 60-minute meter of this
type gave load factor values of over 100 per cent.
This feature is due to the fact that the timing mechan-
ism is operative only during increasing deflections;
and, upon a decrease of load below the point corres-
ponding to the position of the wattmeter element of
the instrument, this element, quite irrespective of
the time period of the instrument, instantly follows
the load to its minimum value; and can only climb
back again as permitted by the escapement.

5. The load factor, as determined by the logarithmic
meters, varied, even on the most fluctuating loads,
only a few per cent, between the shortest and the
longest time periods.

6. With load curves wherein the peak occurred
early in the day, the power having been off, or very
low, during the night, the logarithmic meters tended
to give readings lower than the true arithmetical peak,
giving a higher value of load factor, the discrepancy
approximating the difference in reading which might
be expected from the "90 per cent" clause in the
definition of their time period. But when the peak
came late in the day, after a long-continued run, the
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load factor as given by the logarithmic meter
approached the arithmetical load factor, and in some
cases acquired a lower average value. This is con-
sistent with the heating of electrical apparatus.

CONCLUSIONS

It is manifestly impossible to arrive at any set
rules governing the selection or operation of methods
or apparatus for the determination of an empirical
quantity. Consideration must be given to a variety
of local conditions, which, in all probability, would
not be duplicated in any two power systems. It
is practicable, therefore, to give as conclusions to this
study only a number of deductions which will be quite
evident to a student of the subject; together with
suggestions as to ways and means of overcoming some
of the difficulties which have heretofore presented
themselves.

1. In the determination of demand it is not feasible
to obtain a quantity which will fairly represent all
the factors to be taken into consideration. It is
probable that the most logical quantity will be found
in the volt-amperes of the load.

2. Values of "sustained peak," as determined from
the charts of graphic meters are frequently misleading
and of little significance.

3. Values of averged or integrated peaks are diffi-
cult to measure on graphic meter charts, and are
subject to a large personal error.

4. Readings of the Merz or "block interval" type
of meters, though in themselves very erratic, will,
in the long run, average more closely to the arith-
metical average than the indications obtained by any
other method.

5. Individual readings of the logarithmic meters
are more consistent, and usually closer to the true
value of the arithmetical averages than are the indi-
vidual readings of the Merz meters.

6. Since heating follows a logarithmic, rather than
an arithmetical law, it would seem, where heating is
being taken into consideration, that the logarithmic
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average is fully as justifiable as the arithmetical for
a basis of demand measurement.

APPENDIX I.
As the tests were made with a constant voltage

on the generator bus during each run it was deemed
permissible for purposes of demonstration, to neglect
in each case the change in voltage at the receiving end,
and to consider the losses due to potential alone as
being of a constant value. The expression K Em then
becomes a constant, and may be conveniently re-
presented by P.
The expression for the total losses then becomes

W = P + R I2, and we have only to find values for
P and R. Those are easily obtained as follows: By
running the system at no load, normal voltage, a
value of P is at once obtained by reading the input.
Subtracting this from the total power consumption
at any desired value of current there is left
W - P = R 12 in which R represents the equivalent
resistance of the circuit, and should be an approxi-
mately constant quantity for all values of the load.
The application of the formula with these values

for P and R to the curve of amperes should give a
curve representing the total losses.
A typical calculation is given below:

Watts at norinal voltage, no load, = P = 411
Losses at chosen point W - 605
Current at same point = I = 3.31

W-P 194
Then R= 2 - 11 17.6

Under ideal conditions this value, representing the
equivalent resistance of the circuit, should, of course,
remain nearly constant at all points of the test; but
as a number of losses of secondary order have been
neglected, and as the voltage was assumed to be
constant at all points in the system, a variation of
several per cent was, in the actual tests, noted in the
value of R.

In obtaining the calculated values for the losses,
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there was assumed a constant value for R, this value
being computed from near the middle point of the
original curve, and no consideration taken of possible
variations due to changes in the temperature of the
copper.
An examination of the curves will show that, con-

sidering the assumptions which have been made, the
calculated values of total losses check remarkably
closely with the actual readings throughout the length
of the curve, both on the high and the low power
factor loads.
To further demonstrate the applicability of this

method, a number of readings were taken at random
on different types of loadings with results as shown in
the following table.

Con- R 12
di- W1 W2 WI-W =(WI-W2) I 12 =R12/12
tion Load A

A 400 000 400 000 000 000
B 1400 508 892 492 5.36 28.8 17.1
C 820 292 528 128 2.90 8.4 15.2
D 635 46 589 189 3.16 10.0 18.9
E 882 182 700 300 4.23 17.9 16.8
F 1064 296 768 368 4.66 21.8 16.9

W, = Watts input
W2 = Watts output

WI W2 = Total losses
R I2 = Copper losses

I = Secondary amperes
12 =Secondary amperes, squared
R = Equivalent resistance of circuit.

Following are the loads:
A:-No load,-excitation only
B -Lamp load only
C -Lamp load only
D -Choke coil alone
E -Choke coil and lamps in series.
F -Choke coil and lamps in multiple.

Taking the constancy of the calculated value of the
equivalent resistance as the criterion by which to
judge the fitness of the rule, we here find a maximum
variation of 1212 per cent. A reversal of the formula
and the use of resistance values having even this
discrepancy would enable the values of energy loss to
be computed from the current values with a far greater
degree of accuracy than they could be determined from
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any series of readings of watts or volt-amperes of the
load.
The application of such a scheme of demand meas-

urement to determine heating effects in those portions
of the system which supply only one consumer should
not present any great difficulty. The two constants
used in the formula could be determined for each
installation; either by measurement or by calculation
from the known characteristics of the lines and trans-
formers. The application of these values to the read-
ings of the ampere demand meter or the ampere-
squared demand meter, as the case may be, would
then give a check on the energy losses, and therefore,
on the heating of the equipment feeding the load
under consideration, thus establishing a basis upon
which to compute the proportion of the overhead to
be borne by that particular customer.

APPENDIX II.
In the following tables will be found the values from

which were derived the curves in Figs. 9 to 13. These
figures are expressed as watts in the metering circuits,
no regard being given to the ratios of the instrument
transformers. The values of average watts were
obtained by dividing the watt-hours consumed in
each day's run by the number of hours constituting
the run. The maximum demands are the indications
of the respective demand meters, multiplied by the
proper constants and corrected for all known sources
of error. Load factors were obtained by dividing the
average watts for each day by the demand value
for that day, as indicated by the meter under con-
sideration. The several load factors determined by
a meter of one time period and type for the several
day's run were then averaged and the mean of these
taken as one of the points upon the final curve.

Attention is here called to the indication of the
Siemens meters occasionally being higher than the
corresponding reading of the standard instrument,
which would not seem in accord with the theories of
that instrument. This is due to the uncertainty of
the meshing of the gears, which introduced a possible
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error of about 1 per cent of the full scale of 300 degrees.
On some occasions, when the reading was well down
on the scale, this error would be greatly magnified,
and increase or decrease the reading by several per
cent. As all meters of this class are to a greater or
less extent subject to this fault, it was taken as one of
the characteristics of the type, and no effort made to
correct for the inconsistency.

MAXIMUM DEMAND AND LOAD-FACTOR MEASUREMENTS
ON TESTING LABORATORY

Per- Day Day Day Aver-
Type of meter. iod. 1 2 3 age-

(mins.)

Avg. Avg. Avg.
watts. watts. watts.
601 824 660

10 Max.
demand. 879 972 742

Load factor 76.5 84.9 88.9 83.4
15 M. D. 858 965 730

L. F. 78.2 85.5 90.4 84.7
Logarithmic 30 M. D. 845 947 720

L. F. 79.4 87.1 91.6 86.0
40 M. D. 848 949 712

L. F. 79.1 87.0 92.6 86.2

10 M. D. 792 1013 771
L. F. 86.7 81.3 85.5 84.5-

20 M. D 766 990 764
L. F. 87.6 83.4 86.4 85.8

Block Interval 30 M. D. 750 989 754
L. F. 89.4 83.4 87.6 86.8

60 M. D. 758 934 745
L. F. 88.5 88.3 88.6 88.5

10 M D. 945 1040 810
L. F. 71.0 79.1 81.5 77.2

20 M. D. 935 1040 800
L. F. 71.7 79.1 82.5 77.7

Mechanically 30 M. D. 915 1030 795
lagged L. F. 73.4 80.0 83.0 78.8

60 M. D. 920 1000 790
L. F. 72.9 82.4 83.6 79.6

10 M. D. 788 1020 770
L. F. 85.1 80.6 85.7 83.8

20 M. D. 779 989 756
L. F. 86.0 83.4 87.4 85.6

Continuous 30 M. D. 760 89 750
recording L. F. 88.0 983.4 87.9 86.5

60 M. D. 736 950 745
L.F. 91.1 86.8 88.5 88.8
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MAXIMUM DEMAND AND LOAD-FACTOR MEASUREMENTS
ON RUBBER MANUFACTURING PLANT

Per- Day Day Day Aver-
Type of meter, iod. 1 2 3 age

(mins.)
Avg. Avg. Avg.
watts. watts. watts.
445 455 440

10 Max.
demand. 513 545 558

Load factor 86.7 83.5 78.7 83.0
15 M. D. 514 534 545

L. F. 86.5 85.1 80.6 84.1
Logarithmic 30 M. D. 510 520 530

L. F. 87.2 87.5 83.0 85.9
40 M. D. 496 504 532

L. F 89.6 90.3 82.6 27.5

10 M. D. 551 553 570
L. F. 80.8 82.2 77.2 80.1

20 M. D. 530 547 563
L. F. 84.0 83.3 78.2 81.5

Block Tnterval 30 M. D. 536 530 550
L. F. 83.0 85.8 80.0 82.9

60 M. D. 513 526 539
L. F. 86.8 86.5 81.7 85.0

10 M. D. 615 630 706
L. F. 72.4 72.3 62.3 69.0

20 M. D. 618 624 650
L. F. 71.9 72.8 67.7 70.8

Mechanicaly 30 M. D. 605 605 624
lagged L. F. 73.5 75.2 70.5 73.1

60 M. D. 588 578 587
L. F. 75.7 78.7 75.0 76.5

10 M. D. 538 570 544
L. F. 82.7 79.8 74.0 78.8.

20 M. D. 533 550 578
L. F. 83.5 82.6 76.1 80.7

Continuous 30 M. D. 530 538 556
recording L. F. 84.0 84.5 79.1 82.5

60 M. D. 520 514 556
L. F. 85.5 88.5 79.1 84.4
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MAXIMUM DEMAND AND LOAD-FACTOR MEASUREMENTS
ON MACHINE SHOP

Per- Day Day Aver-
Type of meter. iod. 1 2 age

(mins.)
Avg. Avg.
watts. watts.
600 777

10 Max.
demand. 795 1000 76.5

Load factor 75.3 77.7 76.5
15 M. D. 805 955

L. F. 74.5 81.4 77.9
Logarithmic 30 M. D. 776 900

L. F. 77.3 86.4 81.9
40 M. D. 765 855

L. F. 78.4 91.0 84.7

10 M. D. 866 960
L. F. 69.3 80.9 75.1

20 M. D. 842 906
L. F. 71.3 86.7 78.5

Block Interval 30 M. D. 824 908
L. F. 72.8 85.5 79.2

60 M. D. 802 873
L. F. 74.7 89.0 81.9

10 M. D, 989 1152
L. F. 60.6 67.3 63.9

20 M. D. 958 1130
L. F. 62.6 68.7 65.7

Mecharically 30 M. D. 945 1130
lagged L. F. 63.5 68.7 66.1

60 M. D. 910 1120
L. F. 65.8 69.2 67.5

10 M. D. 895 1060
L. F. 66.9 73.2 70.0

20 M. D 852 937
L. F. 70.4 82.9 76.7

Continuous 30 M. D. 834 913
recording L. F. 72.0 85.0 78.5

60 M. D. 821 861
L. F. 73.0 90.2 81.6
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MAXIMUM DEMAND AND LOAD-FACTOR MEASUREMENTS
ON BRASS ROLLING MILL

Per- Day Day Day Day Aver-
Type of meter. iod. 1 2 3 4 age

(mins.)
Avg. Avg. Avg. Avg.
watts. watts. watts. watts.
572 622 580 590

10 Max.
demand. 450 800 750 810

Load factor 76.2 77.7 77.3 72.8 76.0
15 M. D. 730 780 745 790

L. F. 78.4 79.6 77.8 74.6 77.6
Logarithmic 30 M. D. 695 740 720 765

L. F. 81.2 84.0 80.6 77.1 80.7
40 M. D. 675 748 690 750

L. F. 84.8 83.0 84.0 78 .6 82.6

10 M. D. 756 832 780 837
L. F. 75.5 74.7 74.3 70.4 73.7

20 M. D, 740 803 761 817
L. F. 77.2 77.0 76.1 72.1 75.6

Block Interval 30 M. D. 730 790 746 789
L. F. 78.3 78.7 77.7 74.8 77.4

60 M. D 679 750 682 756
L. F. 84.2 82.9 85.0 78.0 82.5

10 M. D. 683 750 780 835
L. F. 83.7 82.9 74.3 70.7 77.9

20 M. D. 655 710 710 800
L. F. 87.2 87.5 81.6 73.7 82.5

Mechanically 30 M. D. 600 700 680 750
lagged L. F. 95.2 88.8 85.3 78.6 87.0

60 M. D. 540 620 610 610
L. F. 105.8 100.2 95.0 96.6- 99.4

10 M. D. 788 840 780 825
L. F. 72.5 74.0 74.3 71. 5 73. 1

20 M D. 750 807 773 802
L. F. 76.2 77.0 75.0 73.9 75.5

Continuous 30 M. D. 729 775 765 195
recording L. F. 78.5 80.2 75.8 74.2 77.2

60 M. D. 675 734 721 750
L. F. 84.6 84.71 79.7 78.6 81.9
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MAXIMUM DEMAND AND LOAD-FACTOR MEASUREMENTS
ON CITY TRAMWAY

Per- Day Day Day Day Aver-
Type of meter. iod. 1 2 3 4 age

(mins.)
Avg. Avg. Avg. Avg.
watts. watts. watts. watts.
297 310 491 455

10 Max.
demand. 482 435 809 752

Load factor 61.5 71.2 60.7 60.4 63.5
15 M D. 497 446 772 715

L. F. 59.7 69.6 63.6 63.6 64.1
Logarithmic 30 M. D. 463 428 744 701

L. F. 64.0 72.5 65.9 64.9 66.8
40 M. D. 455 426 703 663

L. F. 66.2 72.8 69.7 68.6 69.3

10 M. D. 500 422 746 700
L. F. 59.4 73.5 65.0 64.9 65.7

20 M. D. 490 420 746 704
L. F. 60.6 73.8 65.7 64.6 66.2

Block Interval 30 M. D 450 410 740 695
L. F. 66.0 75.7 66.3 65.4 68.3

60 M. D. 402 387 669 633
L.F. 73.8 80.0 73.5 71.8 74 8

10 M. Di 530 445 790 700
L. F. 56.0 69.7 62.2 65.0 63.2

20 M. D. 495 400 750 585
L. F. 60.0 77.5 65.5 77.7 70.0

Mechanically 30 M. D. 435 350 658 545
lagged L. F. 68.5 88.5 74.7 83.4 78.7

60 M. D. 320 290 550 423
L. F. 92.8 106.8 89.3 107.5 99.1

10 M. D. 500 424 782 724
L. F. 59.4 73.1 62.8 62.8 64.5

20 M. D. 479 415 765 710
L. F. 62.0 74.6 64.2 64.1 66.2

Continuous 30 M. D. 466 408 735 697
recording L. F. 63.8 75.9 66.9 65.2 67.9

60 M. D. 461 402 708 677
L. F. 64.4 77.1 69.4 67.1 69.5
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DISCUSSION ON "THE MEASUREMENT OF MAXIMUM
DEMAND AND THE DETERMINATION OF LOAD
FACTOR", (BORDEN), PHILADELPHIA, PA., OC-
TOBER 8, 1920.

Paul M. Lincoln: It is rather surprising to see
the results which Mr. Borden has obtained. For
instance, to make a comparison of the results shown
by the tables pages 1881 and 1883. In the table on
1883 on one character of load, one of the types
of demand meter shows somewhere from 110 to 130
per cent of the arithmetical average, while exactly
the same comparison in table on 1881 shows
somewhere between 60 and 80 per cent. That is
there. is a variation all the way from 60 per cent to
130 per cent,-for this particular type of meter as
compared with the arithmetical average.
There is a reason for that, which reason Mr. Borden

has not given clearly in his paper, and I want to go
into these comparisons a little more in detail, and to
accompany this with a plea for the kind of average

STEADY CONTINUOUU,g %5 SUPERIMPOSED 3 Min. PEAK
30 Min. Aveiage 100 Th ReadingsSe

Er1,%,~~~~~~~~U 5 Megh, 4 09.0

Block{I100.
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FIG. 1

given by the logarithmic or thermal storage type of
demand meter.

It has always been my argument that the logarith-
mic average, which is the type of average measured
by a thermal meter-gives a more equitable measure-
ment of demand than does the arithmetical average
or the average measured by any other type of meter,
and I want to give you a few examples of theoretical
load conditions, which to my mind prove that.

Unfortunately, Mr. Borden's results, given in his
tables and the section of load curve which he gives
are not necessarily conclusive; that is, the particular
section of the curve which he shows, is not, I believe,
the section which gives the maximum demand -of the
day.
The illustrations in this discussion show certain

characters of load, and show the amount by which
the various types of demand meters will vary when
measuring certain characteristics loads.

For instance, Fig. 1 shows a steady load upon which
a peak is superposed for a short time. That probably
is most characteristic type of load we will meet in
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practise. It shows a load supposed to have continued
steady indefinitely at a value of 99 per cent, and then
for three minutes it increases to 109 per cent or a 10
per cent increment for 3 minutes, and then drops back
to the original amount. The arithmetical average
of these quantities over a thirty minute period is just
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100 per cent, so that if that load is measured on an
arithmetical average meter it will measure just 100
per cent.

If you measure the same load with a thermal stor-
age meter, it will show 100.6 or 0.6 above the arith-
metical average. The mechanically lagged meter
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will show 109 per cent, and the block interval meter,
that is the arithmetical average meter, which may
split the load at any point, will show a maximum of
100 per cent, and a minimum of 99.5.

If the magnitude of the peak is somewhat enlarged
both in time and amount as shown in Fig. 2, making
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a condition where we have practically 97 per cent of
load for 25 minutes, followed by a 5 minute interval
of 116 per cent, or 20 per cent peak on top of the steady
load; the comparison of the various types is given in
Fig. 2; the thermal storage meter registers 101.9, the
mechanically lagged meter 116.1 and the block interval
a minimum of 98.7 and a maximum of 100, depending
on the location of the time split.
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In Fig. 3 is another case where the increment of
load is 50 per cent superposed for 10 minutes. In
this case the thermal storage meter will register 106.4
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or 6. 4 above the arithmetical average, the mechanically
lagged meter 128, and the block interval meter will
register 92.8 as a minimum and 100 as a maximum
depending on the location of the time split.
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Fig. 4 is another case where there is 100 per cent
peak superposed on top of a steady load, the duration
of the peak being 15 minutes. The thermal storage
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meter reads 109.4, or 9.4 per cent above the arithmetical
average, the mechanically lagged 33.3 per cent above,
and the block interval either 100 or 83.3, depending
cn the location of the time split.
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In Fig. 5 is another load where there is a series of
increments each of 5 minutes duration, each 5-minute
period being 20 per cent in excess of the previous period.
Here again the load is adjusted so that the arithmetical
average over the whole 30 minutes is 100 per cent
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with that type of load, the thermal storage meter
will indicate 108.5, the mechanically lagged 150.3,
and the block meter 100, as the maximum, and the
80.2 as the minimum depending on the location of
the time split.

In another class of load as shown in Fig. 6, where
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we assume that the maximum load comes as one iso-
lated block. A load that runs to 600 per cent of nor-
mal, and lasts for only five minutes. The arithmetical
average of such a load is 100 per cent and the arith-
metical average meter will read 100 per cent, while
the thermal storage meter will read 158, and the
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block interval meter either 100 or 50, depending on
the location of the time split.

In such a load, we all recognize that the heating
effect of a load which goes to six times normal and
stays there for five minutes, is much greater than one
which goes to normal and stays for 30 minutes.
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I believe that the customer who insists on taking
his entire 30 minutes quota of load in five minutes
and then is idle for 25 minutes should be penalized
for taking his load in that manner and the thermal
storage meter does this automatically.

Fig. 7 is a condition of an isolated block of load,
consisting of 300 per cent for ten minutes. On such
a load the thermal storage meter will read 145, the
mechanically lagged or R. 0. 100 per cent, and the
block interval either 100 or 50 per cent depending
on the location of the time split.
For a 200 per cent load, lasting 15 minutes, as shown

in Fig. 8, the thermal storage meter will read 128,
and the mechanically lagged or R. O., 100, and the
block interval either 100, or 50, depending on the
location of the time split. There again, we have
characters of load which give us much more heating
than they would if the load were evenly spread through-
out the entire time period.

In Fig. 9 we have 120 per cent load for 25 minutes.
A load of that kind will give us on the thermal storage
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meter 103.5, on the mechanically lagged meter or
R. 0. meter 100 per cent, and block interval meter,
either 100 per cent, or 50 per cent, depending on the
location of the time split.

Fig. 10 is a block of 100 per cent load of just 30
minutes, and the thermal storage meter gives 90 per
cent, the mechanically lagged 100 per cent, and the
block interval 100 per cent of 50 per cent, as the
case may be depending on the location of the time
split. The thermal storage meter in that case does
not reach the full 100 per cent reading for the reason
that it always indicates the heating effect of a given
load independent of how that load is taken. If this
load is continued steady, the thermal storage meter
will indicate 99 at the end of the second 30 minute
period, 99.9 at the end of the third, 99.99 at the end
of the fourth, etc. Thus its indication follows the
true thermal or logarithmic law.
We have another class of load, the continuously

fluctuating load. In Fig. 11 I have shown a continu-
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ously fluctuating load consisting of one minute periods,
of alternatingly zero load and 200 per cent load. If
we put such a load on the various types of meters,
they will register as follows: thermal storage meter
100.2; the mechanically lagged, 6.67 and the block
interval 100. The mechanically lagged meter will
read only a small fraction of the load due to its property
of following a descending load instantly.
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Fig. 12 shows the effect of spreading the time period
to 5 minutes instead of one minute, and again, in
Fig. 13 to ten minutes. The comparisons of the va-
rious types of meter are given in the figures.

I think it will be seen that a study of these theoret-
ical charts will indicate the reason for the vast vari-
ation in the indication of the various types of demand
meters. I think Mr. Borden has done a service of
great value in showing just what the comparative
operation of these various classes of meters is, not
only on theoretical loads such as I have shown here,
but upon actual loads in the conditions of regular
service.

C. I. Hall: To my mind, the valuable portion of
this paper is concerned with the actual comparison
of various kinds of demand meters on usual and prac-
tical kinds of loads. The attempt to analyze the mea-
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surement of demand theoretically is a good deal like
a problem in psychology. It is not definitely capable
of being determined under fixed conditions, on account
of the fact that the conditions are always variable
and are always varying. Therefore, it is necessary
to my mind, rather than to attempt to consider it
from the theoretical point of view, to consider it prac-



1890 PERRY A. BORDEN [Oct. 8

tically and to amass a large amount of data. Any
problem of this character requires a very large amount
of data in order to reach proper conclusions rather
than a mathematical discussion.

It is an old adage that figures can never lie, and
yet they can be very misleading. An analysis of
freak load conditions can lead to extremely erroneous
conclusions. However, the thing I am trying to bring
out in connection with Mr. Borden's paper is the fact
that it has entirely gotten away from that point of
view, and discusses these actual load conditions by
installing various classes of demand devices on loads
that were actually running, apparently, in Canada.
The data he has presented, it seemstome, havecarried

out exactly the ideas that have come about from the
presentation of data in the past. Integrated demand
has been defined in the Code for Electricity Meters
as the standard. First we must determine how the
various devices vary from that fixed standard, and
second, the extent to which the time interval may
affect the record. We have the old bugbear of the
split interval. It begins to sound like a split infinitive.
The variation under theoretical conditions is not

what is of initerest to us, but the variation under
practical conditions of rate-making. The data pre-
sented indicate that the amount of that variation
in the block interval as compared with standard or
elapsed interval, is negligible on the long time intervals
and increases as the interval becomes shorter. That in-
crease is to be expected. These variations, however, at
the very short intervals as indicated in Mr. Borden's
paper, I believe to be of interest. The maximum of
these on the 10-minute interval, as shown on the load
of the small machine shop, is approximately 7 per
cent. The minimum is something less than one per
cent and the average variation at the 10 per cent point
is 2.1 per cent. In each case you must keep in mind
that this variation is of a lower value than the stand-
ard.

There is one point which may be of interest. In
the discussion of the use of graphic type of demand
meter in recording the demand, I differ somewhat
from Mr. Borden's point ofview in looking at the amount
of the variation. I always liked to consider that a
graphic meter, which is of course always damped, is
a lagged type of demand meter in which the record
will, of course, vary with the time interval of lag.
That is precisely the condition that exists in the two
curves the author shows in Fig. 4. The one to the
left is a very lightly lagged demand meter, and
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the one to the right much more heavily lagged,
and therefore the indications of the heavily lagged
are lower than those of the less heavily lagged.

I think it is well to lay additional stress on Mr.
Borden's point that the variation of the time inter-
val is not greatly important in the variations of demand.
He states that "except upon the most fluctuating
loads, the demand meters of one type, and of different
time periods gave indications which generally, within
the limits of accuracy of the individual instruments,
were in close agreement with one another." That
statement has been made heretofore many times,
and supported by a great mass of data, although it
still is the point which comes up constantly for dis-
cussion.

I wish to criticise, to a certain extent, the con-
clusions under Summary-Part III, Section 3 and
Section 5; after reading them, it is found that they
are statements entirely unsupported with data. It
is usual in making a bald statement of that character
to support it with data, so that the exact amounts
of variations may be obtained. He states again, at
the end of conclusion 6-"But when the peak came
late in the day after a long-continued run, the load
factor as given by the logarithmic meter approached
the arithmetical load factor, and in some cases ac-
quired a lower average value. This is consistent
with the heating of electrical apparatus." It was
my impression that this paper was a discussion of
data, very valuable data, which have been actually
obtained, rather than a discussion of rate-making.
This verges closely on the rate-making problem, and
we are concerned largely with the fact that the device
varies from the standard, rather than what that va-
raiation may take into account.

Section 1 of the main conclusions reads: "In the
determination of demand it is not feasible to obtain
a quantity which will fairly represent all of the factors
to be taken into consideration. It is probable that
the most logical quantity will be found in the volt-
amperes of the load." It seems to me personally
that that is not a proper method of attacking the
solution of the problem we have before us. The mea-
suring of a thing undesirable both to the customer and to
the central station is not a method of arriving at a
final solution of the problem, but is merely a penali-
zation of both the customer and central station for a
condition which exists. The method of attack should
be the elimination of these undesirable functions in
central station operation rather than the metering of
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them and the charging of them to the customer. In
conclusions 5 he says: "Individual readings of the log-
arithmic meters are more consistent, and usually
closer to the true value of the arithmetical averages
than are the individual readings of the Merz meters."
That is again verging on the theoretical considerations
that may be of interest to some of us, but are of no
commercial interest.
The important point is, how do these devices per-

form under normal conditions of operation, and with-
out respect to the rate-making conditions involved-
do they measuire the quantity properly? That is
the point we are interested in.

Rather marked attention is called in Mr. Borden's
paper to the apparent discrepancy in results due to
the increased readings of the block interval type of
device over the lapse time interval arrangement.
The point which Mr. Borden has laid stress on in that
connection is that engagement of the mesh is apparently
the only thing which can lead to this discrepancy;
that is, the engagement of the mesh in the gears of
the Siemens meter, which is used. It must be pointed
out that there are observational errors which may
have crept into the record taken from the so-called
"scrap heap" meter which he has built up.
W. H. Pratt: The authorhas mentioned the measure-

ment of volt-amperes, and he has also stressed the
point in his presentation, and I think it is proper to
state that there are at present available meters that
will measure volt-ampere hours.
The principle on which these meters are constructed

is this: a wattmeter measures the product of volt-
amperes and the cosine of an angle which is the differ-
ence between the angle of lag of the current in a circuit
and a characteristic angle of the instrument itself.
If this characteristic angle of the instrument is made
zero, the instrument measures watts, and thus we have
the wattmeter similarly the watthour meter.

If, however, the characteristic angle is given some
value other than zero, it is possible to make the in-
strument read a quantity which over a moderate
range of angle is volt-amperes.

For power factors of 0.90 and below a considerable
range may be covered. I think if you picture in your
mind the form of the cosine curve, and remember
that thirty degrees displacement corresponds to a
power factor of about 87 per cent and that a cosine of
22 degrees is 0.98, you can see that by adjusting an
instrument with an angle displaced by 11 degrees,
and calibrating it one per cent fast, you could record,
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with a maximum error not exceeding one per cent, over
the range of 22 degrees.
Twenty-two degrees plus another 22 degrees will

cover a large range, and the second 22 degrees can be
arranged by using two meters registering through a
ratchet device; that shaft running the more rapidly
would be the only one producing a record, and in this way
it is possible to cover a range from about 0.90 down to
0.3. Other ranges can be provided for.
The author also mentioned the measurement of

ampere squared hours, and I will state that meters
for measuring this quantity have been produced and
these meters have been put to a practical use.

P. A. Borden: You will observe that Mr. Lincoln,
in discussing the subject, has viewed the matter of
demand measurement soley upon the basis of heating
of equipment. Now, while heating is an important
factor, we must also take into consideration the matters
of regulation and demands upon the mechanical ca-
pacity of the system, which will include turbines,
penstocks and water or fuel supply. We cannot,
therefore, look upon heating as the sole consideration,
however important it may be.
Mr. Hall, in his reference to the graphic meter,

stated that he considers the graphic wattmeter as a
demand meter lagged through short time periods. It
is doubtless a lagged meter of a short time period,
but, unfortunately, we do not, in computing demands
from the charts of graphic meters, consider it as that.
My experience has been that in estimating demands
from graphic wattmeter charts, we consider the chart
as being an absolute record of all fluctuations,-that
we look upon it as true "oscillogram" of the load curve
and take little or no consideration of the damping
of the meter. If we are going to consider the damping
of the meter this damping must have a definite value,
and in very few curve-drawing meters is this so.
While an effort is made to have some meters dead-
beat, most types provide an adjustment for differing
classes of load, and in many types the degree of damp-
ing is noticeably susceptible to temperature changes.
It is certainly not usual when reading the charts to
consider damping characteristics of the meter.

I regret that I omitted to present certain data which
formed the bases of my conclusions. The tests which
I made resulted, of course, in an immense volume of
figures. These I compiled and condensed to the degree
in which they appear in the Appendix. The actual
meter readings, which would appear to have no value
which would justify their preservation, have been
destroyed.
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If I have trespassed upon the field of the rate maker,
I can assure Mr. Hall that I have not done so with
design. As it was, I found it necessary to revise parts
of my paper many times in my endeavor to avoid this
subject, and considering how closely associated are
the two subjects, "demand measurement" and "rate
making", I think Mr. Hall should have congratulated
me upon segregating them as thoroughly as has been
done.
Mr. Hall is of the opinion that a consideration of

volt-amperes amounts to a penalization for the use
of volt-amperes. What should be done is to provide
something that would eliminate the necessity of using
volt-amperes. When we begin to penalize people for
low power factor, that is one of surest ways to bring
about a condition which will tend to the elimination
of low power factor. As to the meshing of the gears
in the instruments, I may say that when I found meters
reading higher than they theoretically should have
done, I made tests, which satisfied me that the con-
dition actually existed. The manner of the meshing
of the gears would sometimes introduce discrepan-
cies of as much as five per cent of the indication.
Mr. Pratt has made reference to the volt-ampere-

hour meter. The idea of giving a wattmeter a charac-
teristic angle other than zero so as to make it read
approximately the volt-amperes in the circuit is not
entirely new. I have studied the scheme to a certain
extent in connection with integrating meters. There
might be cases where the system would be desirable
if it could be introduced without further confusing
the issue of trying to explain power factor to a non-
technical customer.

In the distribution of charges upon the basis of the
ampere-squared meter, so called, we must consider
the fact that though the total losses due to resistance
are in direct proportion to the square of the total
current in the circuit, the losses may not be distributed
in proportion to squares of the several currents which
go to make up the total. If A takes 25 amperes and B
takes 30 amperes from the one transformer, it does
not follow that the copper losses due to the currents
will be in direct proportion to their squares. The
ratio will depend not only upon the actual magnitude
of the currents but upon their phase angles in respect
to the line voltage and to each other.


